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(54) HYDROGEN FUEL SUPPLY SYSTEM FOR FUEL CELL 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a hydrogen fuel supply 
system for a fuel cell and a supplying method of hydrogen fuel, 
where a material of fuel cell is liquid hydrogenated aromatic 
compound which does not contain carbon monoxide and carbon 
dioxide and has high hydrogen production efficiency. 
SOLUTION: A hydrogen fuel supply system for a fuel cell comprises 
a hydrogenated aromatic compound material storage tank, where 
hydrogenated aromatic compound is in a liquid condition at normal 
temperature, means for supplying liquid hydrogenated aromatic 
compound to a dehydrogenation catalysis reaction apparatus 
equipped with a heater and a dehydrogenation catalyst, and means 
for supplying hydrogen isolated by a hydrogen isolation equipment to 
the fuel cell comprising the hydrogen isolation equipment for 
isolating hydrogen that is generated by the catalysis reaction 
apparatus, a cooling equipment for cooling dehydrogenated products 
of hydrogenated aromatic compound, and a dehydrogenated 
products storage tank. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The hydrogen fuel distribution system for fuel cells which was equipped with the condensator and 
dehydrogenation product storage tank of a dehydrogenation product of a means to supply the 
dehydrogenation catalyst reactor equipped with the heater and the dehydrogenation catalyst for the 
hydrogenation aromatic compound raw material storage tank of a liquid, and this liquid hydrogen-ized 
aromatic compound, the hydrogen decollator which separates the hydrogen which generated with catalytic- 
reaction equipment, and a hydrogenation aromatic compound in ordinary temperature, and was equipped 
with a means supply the hydrogen separated by said hydrogen decollator to a fuel cell. 
[Claim 2] The hydrogen fuel distribution system for fuel cells equipped with a means to supply the 
hydrogen decollator which separates a means to supply the dehydrogenation catalyst reactor equipped with 
the catalytic-reaction section and the cooling condensation section for the storage tank of the hydrogenation 
aromatic compound of a liquid, and/or an aromatic compound, the hydrogenation aromatic compound, 
and/or the aromatic compound, and the hydrogen which generated with the dehydrogenation catalyst reactor 
in ordinary temperature and the means preparation which leads a dehydrogenation product to said storage 
tank, and the hydrogen separated by said hydrogen decollator to a fuel cell. 

[Claim 3] The system according to claim 1 or 2 said whose liquid hydrogen-ized aromatic compound raw 
materials are three cyclic compounds, such as two cyclic compounds, such as monocyclic compounds, such 
as a cyclohexane, a methylcyclohexane, dimethylcyclohexane, 1 and 3, and a 5-trimethyl cyclohexane, or a 
decalin, and a methyl decalin, or a tetra-deca hydronalium anthracene. 

[Claim 4] The system according to claim 1 or 2 whose supply pressure of the hydrogen to a fuel cell is 0.1 - 
3 kgf/cm2. 

[Claim 5] Said dehydrogenation catalyst as an active ingredient Platinum, palladium, a ruthenium, a 
rhodium, At least one sort chosen from the group which consists of iridium, nickel, cobalt, a rhenium, 
vanadium, a tungsten, and molybdenum is contained. As catalyst support Activated carbon, a zeolite, a 
titania (Ti02), a carbon nanotube, The system containing at least one sort chosen from the group which 
consists of molecular-sieve carbon, a zirconia (Zr02), meso pore silica porous materials (FSM-16, MCM- 
41, etc.), an alumina, and a silica according to claim 1 or 2. 

[Claim 6] The system according to claim 1 or 2 said whose hydrogen decollator is the Ag-Pd film, the 
zeolite film, or the porosity silica glass film. 

[Claim 7] The system according to claim 1 which performs heat exchange of a hydrogenation aromatic 
compound raw material and a dehydrogenation product by preparing a heat exchanger between said storage 
tanks and said dehydrogenation catalyst reactors, and letting a dehydrogenation product pass to this heat 
exchanger. 

[Claim 8] The system according to claim 2 which the reverse reaction of a dehydrogenation advanced and 
enabled conversion of the aromatic compound in a storage tank to a hydrogenation aromatic compound by 
preparing further the bulb which enables supply of the hydrogen to said dehydrogenation catalyst reactor, 
and supplying hydrogen from this bulb. 

[Claim 9] It is the system according to claim 1 or 2 which the rate of metal support is 0.1 - 50% weight ratio 
in an active-ingredient support catalyst, and is 0.5 - 10% weight ratio preferably. 

[Claim 10] It is the system according to claim 1 or 2 which an active ingredient is a platinum catalyst, and 
the additions of the addition active ingredient M are 0.1-10 in a M/Pt atomic ratio, and are 2-8 preferably, 
[Claim 11] They are 80-250 degrees C and the system according to claim 1 or 2 which is one to 5 
atmospheric pressure preferably 0.1 to 10 atmospheric pressure as reaction pressure preferably 50-350 
degrees C as reaction temperature of a dehydrogenation catalyst reaction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hydrogen fuel distribution system for fuel cells. 
[0002] Moreover, the hydrogen absorption to which this invention was suitable for the automobile and the 
dispersion fuel cell for residences, The benzene used as a single linkage mold reaction container used for a 
distribution system, Monocyclic aromatic compound compounds, such as toluene, a xylene, and a 
mesitylene, naphthalene, 3 ring aromatic compounds, such as 2 ring aromatic compounds, such as a 
methylnaphthalene, and an anthracene, are hydrogenated. The cyclohexane, methylcyclohexane which are a 
hydride in case hydrogen absorption is carried out, Monocycle hydrogenation aromatic compounds, such as 
dimethylcyclohexane, a tetralin, It is related with hydrogenation and the dehydrogenation system which 
carry out the dehydrogenation of the 3 ring hydrogenation aromatic compounds, such as 2 ring 
hydrogenation aromatic compounds, such as a decalin and a methyl decalin, a tetra-deca hydronalium 
anthracene, and a TETORADEKA hydronalium methyl anthracene, and are used in case hydrogen supply is 
carried out. 
[0003] 

[Description of the Prior Art] the hydrogen fuel of the fuel cell of home use [ list / automobile ] - former 
and compression hydrogen, liquid hydrogen, and hydrogen gas occlusion material (an alloy, carbon 
nanotube, etc.) - it supplies with the steam reforming process of a methanol or a hydrocarbon again. 
[0004] However, large-sized occlusion equipment is required for the hydrogen supply by compression 
hydrogen, liquid hydrogen, or hydrogen gas occlusion material, and the whole becomes very heavy. 
Moreover, technical problems, like an injection time becomes long occur. On the other hand, in using the 
steam reforming process of a methanol etc., a big technical problem is in the endurance of a reforming 
catalyst. Furthermore, since CO and C02 are contained when using a steam reforming process, CO potential 
device, C02 decollator, etc. are required, and fuel cell equipment is enlarged. 
[0005] After carrying out the hydrogen treating of benzene or the naphthalene and considering as a 
cyclohexane, it oxidizes and is used as a resin raw material, and naphthalene is hydrogenated, even when 
various aromatic compounds, such as being used as various coatings or a solvent, remain as they are, it 
hydrogenates and an application is used effectively in many cases, although many. Moreover, the 
cyclohexane which is the hydrogenated hydrogenation aromatic compound, a methylcyclohexane, 
dimethylcyclohexane or a tetralin, a decalin, a methyl decalin, etc. generate hydrogen by dehydrogenation, 
change it into a corresponding monocycle type or corresponding 2 ring type aromatic compound, and are 
used as physic, agricultural chemicals, and a raw material of a coal chemical product as various coatings or a 
solvent again in many cases. Various matter is used as a catalyst from the former, and the hydrogenation 
reaction of an aromatic compound and its corresponding dehydrogenation of a hydrogenation aromatic 
compound are used as that single metals, such as nickel, platinum, palladium, copper, chromium, a rhodium, 
and a ruthenium, two or more sorts of metals or a metallic oxide, and a sulfide are independent, or mixture, 
although usually carried out using a catalyst. Although it is used even when it is independent like a Raney 
nickel catalyst metallurgy group particle, support with big surface area is made to support these metals, and 
they are used in many cases. A silica, an alumina, activated carbon, a zeolite, etc. are used as support, if the 
high distribution condition of the metal can be carried out and this is returned by the ion-exchange method, 
the sinking-in supporting method, etc. using reducing agents, such as hydrogen gas and a hydrazine, - high 
— activity aromatic compound hydrogenation and dehydrogenation catalyst are acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] the hydrogen manufacture approach and hydrogen 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/21/2006 
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manufacturing installation of this invention — such a problem -- solving — ordinary temperature — the 
aromatic compound of a liquid — as hydrogen absorption material — using — a hydrogenation aromatic 
compound — high — it aims at offering the system which manufactures and supplies the hydrogen for fuel 
cells with the compact dehydrogenation equipment which generates the high grade hydrogen which does not 
contain CO and C02 by dehydrogenation on an activity dehydrogenation catalyst. 
[0007] 

[Means for Solving the Problem] A means by which this invention supplies the hydrogenation aromatic 
compound raw material storage tank of a liquid, and this liquid hydrogen-ized aromatic compound to the 
dehydrogenation catalyst reactor equipped with the heater and the dehydrogenation catalyst in ordinary 
temperature, It has the condensator and dehydrogenation product storage tank of a dehydrogenation product 
of the hydrogen decollator which separates the hydrogen obtained with catalytic-reaction equipment, and a 
hydrogenation aromatic compound. It is related with the hydrogen fuel distribution system for fuel cells 
equipped with a means to supply the hydrogen separated by said hydrogen decollator to a fuel cell 
(henceforth the 1st invention). 

[0008] Moreover, this invention relates to the hydrogen fuel distribution system for fuel cells equipped with 
a means to supply the dehydrogenation catalyst reactor equipped with the storage tank of the hydrogenation 
aromatic compound of a liquid, and/or an aromatic compound, the catalytic-reaction section, and the cooling 
condensation section in ordinary temperature, the hydrogen decollator which separates the hydrogen 
generated with the dehydrogenation catalyst reactor and the means preparation which leads a 
dehydrogenation product to said storage tank, and the hydrogen separated by said hydrogen decollator to a 
fuel cell (henceforth the 2nd invention). 

[0009] The system of this invention can be used for both the object for automobiles, and home use. 
[0010] 

[Embodiment of the Invention] The description of this invention is shown below about the 1st invention and 
the 2nd invention. 

1 . High grade hydrogen can be manufactured and supplied efficiently. 

[001 1] In a fuel cell, there was a problem that poisoning of the platinum used for an electrode catalyst was 
carried out by CO contained in the hydrogen (fuel hydrogen) supplied to a fuel cell. With the fuel cell of a 
solid-state macromolecule mold, poisoning is especially carried out by about 10 ppm CO. In the fuel cell 
hydrogen manufacturing system and hydrogen distribution system of this invention, since it has the 
hydrogen decollator which only hydrogen is generated [ decollator ] and makes only hydrogen penetrate 
alternatively since it is the dehydrogenation of a liquid hydrogen-ized aromatic compound even if it uses the 
fuel cell of a solid-state macromolecule mold, the poisoning problem of an electrode catalyst is avoidable by 
supplying the hydrogen of a high grade to a fuel cell. 

[0012] In addition, as a fuel cell, a polymer electrolyte fuel cell is desirable. 2. Offer the system which 
supplies fuel cell hydrogen fuel according to the dehydrogenation of a liquid hydrogen-ized aromatic 
compound raw material like three cyclic compounds, such as two cyclic compounds, such as monocyclic 
compounds, such as a cyclohexane, a methylcyclohexane, dimethylcyclohexane, 1 and 3, and a 5-trimethyl 
cyclohexane, or a decalin, and a methyl decalin, or a tetra-deca hydronalium anthracene. A liquid hydrogen- 
ized aromatic compound raw material shows the example of a cyclohexane and a methylcyclohexane below. 

[0013] 

C6H12 -> 3H2 + C6H6C7H14 -> 3H2 + Recycle use of a C7H8 liquid-hydrogen-ized aromatic compound 

raw material (for example, a cyclohexane, a methylcyclohexane) can be performed. 

[0014] 

C6H6 + 3H2 -> C6H12 Cyclohexane / Hydrogen / The cycle of benzene C7H8 + 3H2 -> C7H14 
methylcyclohexane / Hydrogen / As a liquid hydrogen-ized aromatic compound raw material which can 
perform miniaturization of the cycle 3. fuel cell system of toluene A cyclohexane, a methylcyclohexane, 
dimethylcyclohexane, Three cyclic compounds, such as two cyclic compounds, such as monocyclic 
compounds, such as a 1, 3, and 5-trimethyl cyclohexane, or a decalin, and a methyl decalin, or a tetra-deca 
hydronalium anthracene, are mentioned, and they are a cyclohexane and a methylcyclohexane preferably. 
[0015] The supply pressure of the hydrogen to a fuel cell is 0.1 - 3 kgtfcm2 preferably. 
[0016] At least one sort as which said dehydrogenation catalyst is chosen from the group which an active 
ingredient becomes from platinum, palladium, a ruthenium, a rhodium, iridium, nickel, cobalt, a rhenium, 
vanadium, a tungsten, and molybdenum is contained. As catalyst support, at least one sort chosen from the 
group which consists of activated carbon, a zeolite, a titania (Ti02), a carbon nanotube, molecular-sieve 
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carbon, a zirconia (Zr02), a meso pore silica porous material, an alumina, and a silica is contained (FSM-16, 
MCM-41, etc.). 

[0017] As a hydrogen decollator, hydrogen demarcation membranes, such as Pd or alloy film (Ag-Pd film) 
of Pd and Ag, zeolite film, or porosity silica glass film, can be used preferably. 

[0018] In an active-ingredient support catalyst, the rate of metal support is 0.1 - 50% weight ratio, and it is 
0.5 - 10% weight ratio preferably. 

[0019] An active ingredient is a platinum catalyst, the additions of the addition active ingredient M are 0.1- 
10 in a M/Pt atomic ratio, and it is more desirable that it is 2-8 preferably. 

[0020] Especially as a start raw material of a catalytic activity component, although not limited, it is 
desirable that it is especially a chloride, a nitrate, acetate, an acetyl acetonato salt, a metaled carbonyl 
complex, or a metaled cyclopentane nil complex. 

[0021] Especially as reaction temperature of a dehydrogenation catalyst reaction, although not limited, it is 
preferably good as 80-250 degrees C and reaction pressure that it is [ 50-350-degree C ] one to 5 
atmospheric pressure preferably 0.1 to 10 atmospheric pressure. 

[0022] As the catalyst method of preparation, generally, from organic solvents, for example, a cyclohexane, 
such as a water solution of a metal salt, an alcoholic solution or a metal-carbonyl complex, and a cyclo pen 
TANIRU complex, benzene, toluene, a tetrahydrofuran, diethylether, etc. to support, especially although 
carried out by heating, mixing, and CVD (chemical vapor deposition) under inert gas (nitrogen, an argon, 
helium, etc.) in addition to immersion, it is not limited. 

In applying this system to a fuel cell powered vehicle or the fuel cell for a home generation of electrical 
energy about the 1st invention, operating temperature is low and the fuel cell of the solid-state 
macromolecule mold which is a small light weight is desirable. 

[0023] It is desirable by preparing a heat exchanger between a storage tank and a dehydrogenation catalyst 
reactor, and letting a dehydrogenation product pass to this heat exchanger to perform heat exchange of a 
hydrogenation aromatic compound raw material and a dehydrogenation product. 
[0024] So that it may be illustrated by drawing 1 the system of**** 1 invention A means (pump) 5 to 
supply the hydrogenation aromatic compound raw material storage tank 1 of a liquid, and this liquid 
hydrogen-ized aromatic compound to the dehydrogenation catalyst reactor 4 equipped with the heater 2 and 
the dehydrogenation catalyst 3 in ordinary temperature, the hydrogen decollator 6 which separates the 
hydrogen obtained with catalytic-reaction equipment And it has the condensator 7 and the dehydrogenation 
product storage tank 8 of a dehydrogenation product of a hydrogenation aromatic compound. A heat 
exchanger 9 is preferably formed between said storage tanks and said dehydrogenation catalyst reactors, and 
heat exchange of a hydrogenation aromatic compound raw material and a dehydrogenation product is 
performed by letting a dehydrogenation product pass to this heat exchanger. 

[0025] The hydrogenation aromatic compound raw material supplied from a storage tank 1 is warmed in a 
heat exchanger, and is sent to the dehydrogenation catalyst reactor 4. About 300 degrees C of 
dehydrogenation catalyst reactors 4 are preferably heated from 50 degrees C from 80 degrees C to about 250 
degrees C by the heater 2. The dehydrogenation of the hydrogenation aromatic compound is carried out by 
the dehydrogenation catalyst of this catalyst equipment 4, and it is changed into an aromatic compound. The 
hydrogen generated by this dehydrogenation is supplied to a fuel cell through the hydrogen decollator 6. On 
the other hand, the aromatic compound which is a dehydrogenation product is sent to the dehydrogenation 
product storage tank 8 through a heat exchanger 9 and a condensator 7. 

By filling up with this invention the catalytic-reaction section A which consists of porosity material in the 
continuation mold single reaction container shown in drawing 2 using the metal catalyst about the 2nd 
invention, and heating single storage tank B containing a hydrogenation aromatic compound to 
predetermined temperature with Heater J near the boiling point temperature of a hydrogenation aromatic 
compound ~ setting — evaporating — warming — a steam is introduced into the dehydrogenation catalyst 
reactor D through the side-face pipe E which is a means to supply a hydrogenation aromatic compound 
and/or an aromatic compound to the dehydrogenation catalyst reactor D equipped with the heater and the 
dehydrogenation catalyst. In the cooling condensation section C (for example, 10 degrees C), the steam of 
an aromatic compound and/or a hydrogenation aromatic compound is condensed, and it falls as a drop, and 
is dropped at the catalytic-reaction section A, and liquid membrane is formed. In the reaction temperature 
(180 degrees C) in this liquid membrane condition, a hydrogenation aromatic compound is efficiently 
changed into an aromatic compound, and generates hydrogen. 

[0026] The aromatic compound and/or hydrogenation aromatic compound which became liquefied voice 
pass the inside of the catalytic-reaction section A, and a porosity material (K) container wall, and form the 
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liquid phase. Through the side-face pipe F as a means to lead a dehydrogenation product to said storage tank 
connected to the same location (height) as the catalyst bed of the catalytic-reaction section, a liquid phase 
aromatic compound and/or a hydrogenation aromatic compound flow into single storage tank B by the 
principle of a siphon, the always same location (height) as a catalyst bed is maintained, the oil level of an 
aromatic compound and/or a hydrogenation aromatic compound is formed, and desirable liquid membrane is 
secured to the catalytic-reaction section. 

[0027] Vapor liquid separation is realized before and behind the cooling condensation section C, when only 
the big hydrogen gas of diffusion movement opens the outlet bulb H through the up pipe hydrogen 
decollator G light again in mass, separation purification of the high grade hydrogen is carried out, and, 
thereby, hydrogen is efficiently supplied to the object for residences, and an automotive fuel cell. In the case 
of storage of hydrogen, the hydrogen which controlled the power generated by the exposure of sunlight 
using the semi-conductor panel plate (amorphous silicon agent) attached in the lateral part of a residence 
thru/or an automobile, and was generated in the electrolysis-of-water tub can be introduced. The hydrogen 
gas of a high grade is introduced in catalytic-reaction equipment D by closing Bulb H and opening Bulb I. 
An aromatic compound is efficiently changed into a hydrogenation aromatic compound according to the 
support metal catalyst with which the catalytic-reaction section A heated by predetermined temperature was 
filled up, and, thereby, storage of hydrogen is made. The mixed liquor of benzene and the changed 
cyclohexane holding a liquid membrane condition according to the siphon effectiveness of the side- face pipe 
F, it is collected by storage tank B, and the aromatic compound thru/or hydrogenation aromatic compound 
of storage tank B evaporates, and is introduced into the reaction container D through the side-face pipe F. It 
cools by the cooling condensation section C, and is condensed, and it is dropped on the catalyst included in 
the catalytic-reaction section A, a hydrogenation reaction advances again, and the invert ratio of a 
hydrogenation aromatic compound [ an aromatic compound thru/or ] of a hydrogenation reaction improves 
further. This is followed in the hydrogenation reaction and dehydrogenation of an aromatic compound and a 
hydrogenation aromatic compound, it realizes in a single reaction container, and storage and the distribution 
system of hydrogen can be offered. 

[0028] When the bulb which enables supply of the hydrogen to a dehydrogenation catalyst reactor is 
prepared, since the reverse reaction of a dehydrogenation advances and it becomes convertible into a 
hydrogenation aromatic compound about the aromatic compound in a storage tank, it is desirable by 
supplying hydrogen from this bulb. 

[0029] In applying to a fuel cell powered vehicle or the fuel cell for a home generation of electrical energy, 
this system has low operating temperature and its fuel cell of the solid-state macromolecule mold which is a 
small light weight is desirable. 

[0030] this invention person etc. considered optimization of the hydrogen storage using hydrogenation and 
dehydrogenation of an aromatic compound, and efficient actuation of a distribution system, and 
amelioration of the catalyst engine performance using the continuous system single reaction container of the 
above-mentioned invention, and searched for continuation mold hydrogenation and dehydrogenation 
conditions. 

[0031] first , although not restricted to the diameter , the height , and the configuration of the tubed container 
K which consist of a porosity material of the catalytic reaction section A , the quality of the material of a 
porosity ( filter ) ingredient be understood that it be desirable that a receipts and payments of liquid with the 
outer case section , diffusion , etc. be optimize so that the liquid membrane formation of thermal resistance , 
such as a silica , an alumina , and an activated carbon fibrous , the aromatic compound in a catalyst bed , and 
a hydrogenation aromatic compound may be realize . 

[0032] Sufficient thing for steam-izing for which it warms and the side-face pipe E is kept warm is 
desirable. As for the side- face pipe F, it is desirable to be set up so that the liquid column of an aromatic 
compound and a hydrogenation aromatic compound may be comparatively realized at low temperature. 
Although the cooling condensation section C is structure which contains the up container wall of the 
dehydrogenation catalyst reactor D fundamentally, in order to maintain things for which it has a heat 
exchanger and vapor liquid separation with an aromatic compound with generating hydrogen and a 
hydrogenation aromatic compound is realized efficiently, such as spiral capillary and mutual cooling pipe 
structure, and the liquid membrane condition of the catalyst bed in the catalytic-reaction section A, it is 
desirable to adjust and carry out the cooling water (for example, 5-20 degrees C) of optimum temperature. 
[0033] Substantially, although it is possible by taking into consideration various-causes children, such as a 
touch area of the cooling condensation section C, a circulating water temperature, and generating hydrogen 
temperature, separation of hydrogen and the actuation means of purification are further realized by installing 
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the hydrogen decollators G by the conventional technique, such as a silica demarcation membrane, and 
palladium, a silver demarcation membrane, when supply of the high grade hydrogen more than a high grade 
(99.9%) is the need. It is not this limitation although it is common to set up fundamentally the stores dept. B 
of an aromatic compound and/or a hydrogenation aromatic compound near [ those ] the boiling point, and to 
be set as low temperature from the catalytic-reaction section A in comparison. It is not this limitation 
although the hydrogenation reaction of the aromatic compound in the process of hydrogen storage is 
generally performed with ordinary pressure - 10 atmospheric pressure in many cases. 
[0034] In order to raise the hydrogen storage for the object for residences, and automobiles, and the 
effectiveness of supply, the support metal catalyst used as a catalyst was examined. Although a precious 
metal catalyst, for example, a carbon support platinum catalyst, is generally effective in the hydrogenation 
reaction and dehydrogenation of an aromatic compound If metal salts, such as iridium, a ruthenium, a 
rhenium, molybdenum, and a tungsten, are added to this and hydrogen reduction processing is performed to 
it recently, the catalyst engine performance will improve, Serially moreover, by adding the carbonyl 
complex supported as a metallic material, an acetylacetonato salt, a cyclopentadienyl complex, etc. at 
coincidence or the carbon support platinum catalyst which is a main catalyst metal at a target, and 
performing hydrogen reduction processing after thermal decomposition It turned out that hydrogen storage 
and hydrogen supply effectiveness are furthermore improved. 
[0035] 

[Effect of the Invention] According to the system of the 1 st invention, the hydrogen of a high grade can be 
easily supplied to a fuel cell. 

[0036] The hydrogenation reaction and dehydrogenation of the bottom aromatic compound of existence of 
the metal catalyst of high performance can be made to advance efficiently using the continuation mold 
single reaction container of the 2nd invention, it is possible to realize storage and supply of hydrogen in a 
single reaction container continuously, and, thereby, an automobile, and the solid fuel cell hydrogen storage 
and the distribution system for a home generation of electrical energy can be maintained in the condition 
good for a long time. 
[0037] 

[Example] Hereafter, this invention is explained more to a detail using an example and the example of a 
comparison. 

After being immersed in mezzo-soprano pore porosity material (FSM-16, SiO2/aluminum2O3=300, 27. 5A 
of pore size), and surface area 970m2/g30g using the water solution and carrying out evaporation to dryness 
of the 3.3 g of the example 1 chloroplatinic acid at 1 10 degrees C for 24 hours, evacuation was performed at 
320 degrees C for 2 hours, and the platinum active ingredient (1) was prepared 5%. Using this catalyst, 
dehydrogenation of a cyclohexane was performed in the following way and the invert ratio and hydrogen 
generating rate of a cyclohexane were measured. The catalytic-reaction section A was filled up with the 
catalyst, and it returned at 300 degrees C among the hydrogen air current for 1 hour. 

[0038] After it put 27ml cyclohexane into the stores dept. B and the high grade argon permuted the inside of 
a reaction container, when the stores dept. B was warmed at 90 degrees C, and the catalytic-reaction section 
A was warmed at 1 80 degrees C and water cooling (pump) of the cooling condensation section C was 
carried out to 10 degrees C, hydrogen generation began after 20 minutes, the initial hydrogen generation rate 
of 30 minutes [ per hour ] after was per-hour 12.0L, and the invert ratio to the benzene of a cyclohexane was 
25%. 

[0039] moreover, instead of [ of a cyclohexane ] — benzene 27ml — a stores dept. B — putting in — the 
catalytic-reaction section A — a catalyst (1) — the hydrogenation reaction of vane ZEN was similarly 
performed under the reaction temperature of 200 degrees C, and 1 atmospheric-pressure hydrogen after 300- 
degree-C 2-hour reduction by the hydrogen air current. The resultant was only a cyclohexane. Moreover, it 
was 52% 18% of initial invert ratios of benzene, and 5 hours after. 

Using a conventional-type fixed-bed gaseous-phase circulation type reactor (the reactor made from SUS 
with a bore of 1 .8cm being filled up with Catalyst A) as an example of comparison 1 reaction container, it 
circulated and cyclohexane vapor pressure (90 degrees C) was performed with the reaction temperature of 
1 80 degrees C. The cyclohexane invert ratio of SV=1 500 ml/gcat / hydrogen generation rate was 1 .6% in 
per hour 0.8 L. Little detection of the methane which is the decomposition product of a cyclohexane a part, 
n-hexane, a propane, and the ethane was carried out. 

After filling up the conventional-type standing type autoclave (an SUS box-manufacturing-like container, 
volume of 150ml) with 30g of catalysts A as an example of comparison 2 reaction container and performing 
2h of bottom 250-degree-C reduction of H2, the cyclohexane was introduced and it reacted by heating at 
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180 degrees C. The resultant was analyzed at 180 degrees C, performing internal stirring in the state of 
suspension. The generation rate of hydrogen was 0.35ml and the invert ratio of a cyclohexane was 0.85%. 
After being immersed in activated carbon 3200m2/g and alkali treatment using the water solution of 3.3 g of 
example 2 chloroplatinic acid, it dried at 1 10 degrees C among air for 15 hours. It returned at 350 degrees C 
in H2 air current, and the activated carbon support catalyst B was acquired 5%. these catalysts B and Ir4 
(CO) 12 and Mo (CO)6 and Ru3 (CO) 12 and Re2 (CO) ten - every - dehydrogenation of a cyclohexane 
was performed, after having adjusted to Pt/M=2-1 (M=Ir, MoRu, Re), mixing among the argon air current 
and heating at 1 80 degrees C - 200 degrees C from a room temperature. The reaction condition and the 
reaction property were the same, and performed the example 1 . The resultant was only benzene. The initial 
hydrogen generation rate reached and showed the invert ratio to the cyclohexane of 2 hours after in Table 1 . 
Analysis of a product is porapak by the gas-chromatograph method. Quality and quantitative analysis were 
carried out by the FID gas chromatograph (Shimazu 8 A) using P. 

The hydrogenation reaction of benzene was performed for the catalyst A acquired in example 3 example 1 

by the respectively same reaction condition and the operation information as the example 2 after 350- 

degree-C 2-hour hydrogen reduction in a hydrogen air current. A product is only a cyclohexane. 

In reaction temperature (reaction section A temperature of 210 degrees C) and the stores dept. B temperature 

of 215 degrees C, and 10 degrees-C cooling of condensation sections, it carried out using decalin 10ml using 

catalyst B-2.5g prepared in the example 4 example 2. The hydrogen generation rate and the decalin invert 

ratio were shown in Table 2. 

[0040] 

[Table 1] 
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[0041] 
[Table 2] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




4 H 2 



[Translation done.] 
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